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ABSTRACT 


One  of  the  key  requirements  for  U.S.  maneuver  forces 
to  be  able  to  win  the  first  battle  is  the  quick  and  accurate 
location  of  engaged  enemy  unit-  in  the  battle  area.  At  present 
and  into  the  foreseeable  future,  ground  surveillance  radar  will 
continue  to  provide  the  maneuver  commander  with  a substantial 
part  of  this  immediate  intelligence  information.  Current  state- 
of-the-art  technology  provides  the  Army  with  two  distinct  types 
of  radar  to  accomplish  the  ground  surveillance  radar  mission. 

The  first  is  a high  frequency,  line-of-sight  system;  the  second 
is  a low  frequency,  foliage  independent  system.  Because  mone- 
tary and  manpower  constraints  will  limit  the  types  and  numbers 
of  radar  systems  eventually  deployed,  the  Army  must  choose  that 
system  which  best  fulfills  its  ground  surveillance  radar  needs. 

This  paper  investigates  the  efficacy  of  both  systems  to 
detect,  locate,  and  identify  targets  of  military  interest  under 
stated  evaluative  conditions.  It  addresses  both  the  machine 
and  the  man-machine/human  factors  aspects  of  radar  operation. 

The  demonstrated  capabilities  of  both  systems  are  compared  and 
evaluated  to  determine  which  system  shows  the  greatest  potential 
to  optimize  the  Army's  ground  surveillance  radar  capability. 

The  study  concludes  that  low  frequency  radar  systems  offer  the 
best  practical  solution  to  finding  the  enemy.  It  further  recom- 
mends that  the  Army  place  priority  effort  into  developing  low 
frequency  radar  systems  for  future  ground  use. 
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CHAPTER  I 


INTRODUCTION  TO  THE  PROBLEM 
BACKGROUND 

"The  Army's  primary  objective  is  to  win  the  land 
battle--to  fight  and  win  battles,  large  or  small,  against 
whatever  foe,  wherever  we  may  be  sent  to  war."'*'  The  Army 
must  be  capable  of  defeating  an  enemy  whose  offensive  and 
defensive  doctrine  stresses  the  maximum  use  of  cover  and  con- 
cealment to  achieve  surprise  or  create  opportunities  to  strike 

2 

when  and  where  its  opponent  is  not  prepared  to  fight.  "The 

art  of  the  general  is  to  achieve  superiority  whenever  the  foe 

3 

presents  himself."  To  accomplish  this  in  light  of  a con- 
stantly decreasing  ground  force,  the  Army  is  continually 
searching  for  new  methods  to  exploit  those  superior  elements 

of  its  combat  power  to  defeat  the  enemy  at  the  decisive  point 

k 

of  battle.  U.S.  Army  doctrine  and  tactics  fully  recognize 

tho  preeminent  importance  of  locating  the  enemy  first  in 

sufficient  time  to  permit  the  maneuver  commander  to  bring 

adequate  combat  power  to  bear  at  the  point  of  decision  to  win 

5 

the  first  battle.  Ground  surveillance  radars  are  one  of  the 
principal  ways  in  which  the  maneuver  commander  "sees  the 
battlefield"  today. ^ 
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"The  key  to  a proper  doctrine  is  the  correct  under- 
standing of  the  elements  of  one's  superiority  and  the  ability 
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to  apply  them  more  rapidly  than  the  opponent . " Current 
state-of-the-art  technology  provides  two  distinct  types  of 
radar  to  accomplish  the  ground  surveillance  mission.  The 
first  is  a high  frequency,  unobstructed  line-of-sight  system 
and  the  second  is  a low  frequency,  foliage  independent  system. 
Because  monetary  and  manpower  constraints  will  continue  to 
limit  the  amounts  and  types  of  radar  systems  fielded,  the  Army 
must  select  that  radar  system  which  best  fulfills  its  ground 

g 

surveillance  needs  within  those  constraints . 


HYPOTHESIS 


Low  frequency  radar  systems  should  replace  current 
high  frequency  radar  systems  on  the  battlefield  to  optimize 
the  Army ' s ground  surveillance  radar  capability. 

TASKS 


To  test  this  hypothesis  the  following  questions  are 
addressed : 

1.  What  are  the  demonstrated  capabilities,  limita- 
tions, and  vulnerabilities  of  each  radar  teciinology  to  detect 
and  locate  targets  of  military  interest? 

2.  Which  radar  system  maximizes  the  man-machine 
human  factors  equation? 

3.  Which  radar  system  offers  the  best  pm<~*;cal 


solution  to  "seeing  the  battlefield? 
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4.  Which  system  deserves  the  Army's  priority  develop- 
ment effort  to  enhance  its  future  ground  surveillance  radar 
capabili ty? 

METHODC  Gu-Y 

Chapter  I presents  the  background  to  the  problem, 
states  the  hypothesis,  and  delineates  the  questions  addressed 
to  test  the  hypothesis.  Jt  also  states  the  constraints  and 
parameters  under  which  this  study  was  conducted.  Chapter  II 
presents  a brief  history  of  high  and  low  frequency  radar 
development  and  provides  a brief  description  of  each  system's 
operational  and  design  characteristics . Chapter  III  is  a 
comparative  analysis  and  evaluation  of  both  systems  to  perform 
the  combat  surveillance  mission  on  the  battlefield.  Chapter 
IV  draws  conclusions  from  the  above  results  and  tenders 
recommendations  for  future  combat  ground  surveillance  radar 
development . 

SCOPE 

This  study  investigates  the  efficiency  of  high  and 
low  frequency,  moving  target  indicator  ground  surveillance 
radar  technologies  to  acquire  targets  of  military  interest  on 
the  battlefield.  The  data  base  for  this  study  is  derived  from 
test  reports,  combat  evaluations,  technical  manuals  and 
individual  equipment  performance  reports  on  devices  which  are 
representative  of  each  technology.  T2ie  comparisons , measures 


of  effectiveness,  and  analysis  use  this  same  data  base  supple- 
mented by  the  author's  notes  taken  over  a period  of  three  years 
testing  fielded  implementations  of  both  technologies . 

This  study  addresses  each  radar  system  within  the 

context  of  its  primary  mission:  to  detect,  locate,  and  identify 

moving  ground  targets  of  military  interest  with  sufficient 

accuracy  to  produce  meaningful  combat  intelligence  and  to 

Q 

permit  their  accurate  engagement  by  indirect  fire  means.  As 
such  it  is  treated  as  a sensor  used  to  aid  the  maneuver  com- 
mander to  better  observe  the  battlefield.  Therefore,  its  func- 
tion remains  essentially  the  same  in  either  an  offensive  or 
defensive  scenario,  i.e.,  to  warn  the  commander  of  enemy 
presence  as  soon  as  possible. 

This  study  does  not  address  detailed  scientific  or 
mathematical  derivations  of  radar  phenomena,  but  does  pre- 
sent qualitative  information  on  the  general  operational 
characteristics  of  each  system. 

ASSUMPTIONS 

For  the  purpose  of  this  paper  only,  the  following 
assumptions  are  made: 

1.  Radar  will  continue  to  be  one  of  the  maneuver 
commander's  principal  means  of  ground  surveillance  in  the  fore- 
seeable future. 

2.  Intermediate  and  long  range  low  frequency  radar 


systems  can  be  built  with  approximately  the  same  weight, 
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mobility,  time  of  assembly,  and  ranging  capability  as  tbeir 
high  frequency  radar  counterparts.  Each  would,  however,  be 
configured  differently  when  deployed  for  operation.  Although 
originally  designed  for  short  ranges,  the  Army  has  fielded  a 
low  frequency  radar  system  in  t..e  ground-to-air  role  which 
exhibits  the  same  ranging  capabilities  as  the  longest  ranging 
high  frequency  ground  radar  system.'*'^ 

3-  Each  system  is  operating  at  its  full  design 
potential  and  that  all  operators  are  fully  qualified  on  their 
respective  sets  during  the  comparison  discussion  in  Chapter  III. 

LIMITATIONS 

Only  unclassified  data  and  documents  available  at  the 
U.S.  Army  Command  and  General  Staff  College  (USACGSC) , from 
the  Defense  Documentation  Center,  and  in  the  author's  notes 
are  used  in  this  paper.  Because  of  this  restriction,  elec- 
tronic counter  and  counter-countermeasures  are  not  discussed. 
However,  simple  radio  frequency  interference  aspects  of 
operation  are  addressed. 


DEFINITIONS 

The  definitions  contained  in  the  Dictionary  of  U.S, 
Army  Terms  and  The  International  Countermeasures  Handbook  are 
applicable  in  this  study.  The  following  special  definitions 
of  generally  accepted  terms  also  apply: 
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1.  False  alarm:  an  indication  by  a system  of  the 

presence  of  a target  of  military  interest  when,  in  fact,  no 
target  of  military  interest  is  present. 

2.  Target  processing  sequence:  the  entire  sequence 

of  man-machine  events  that  occur  from  the  initial  detection 
of  a target  to  the  final  operator  determined  identification 
of  the  target  by  type  and  relative  size. 
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CHAPTER  II 


RADAR  DEVELOPMENT  AND  DESIGN 
PART  ONE  - H .TORY 

HIGH  FREQUENCY  RADAR  DEVELOPMENT 

Since  its  first  tactical  applications  on  the  modern 
battlefield,  radar  has  played  an  important  role  in  extending 
the  commander's  ability  to  detect,  locate,  and  track  enemy 
targets  far  beyond  human  limits.  This  advantage  was  most 
aptly  demonstrated  in  the  early  stages  of  the  air  war  during 
the  Battle  of  Britain.  The  British  early  warning  radar  net- 
work alerted  the  Air  Defense  Command  well  in  advance  of  the 
size  and  direction  of  the  Nazi  air  attacks  from  the  continent. 
Given  this  advantage , the  British  were  able  to  concentrate 
their  limited  fighter  forces  at  the  critical  place  of  battle 
to  defeat,  deflect,  or  significantly  degrade  the  attacker's 
effectiveness.  The  radar  network  "multiplied  severalfold  the 

e f fectiveness  of  our  [British.,  limited  force  and  Igavej  the 

2 

enemy  a bewildering  misconception  of  its  extent."  Radar  also 

permitted  the  defenders  to  exercise  highly  flexible  economy 

of  force  tactics  for  they  knew  in  which  areas  they  could 

3 

reasonably  take  a prudent  risk.  Unfortunately  our  own 
History  provides  a costly  analog  to  the  foregoing  British 
success.  On  7 December  19^1,  U.S.  military  authorities 
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disregarded  the  early  warnings  of  incoming  aircraft  from  radar 
picket  stations  deployed  north  of  Pearl  Harbor  and  we  sub- 
sequently paid  an  inordinately  high  price  in  men  and  materiel 
4 

for  that  error.  Accelerated  development  to  extend  this  high 
frequency  radar  (HIFR)  surveillance  capability  to  the  maneuver 
commander  terminated  with  the  end  of  World  War  II. 

Since  19^5,  a graph  of  U.S.  HIFR  research,  development, 
and  acquisition  activity  closely  resembles  a large  amplitude 
sinusoidal  wave.  The  high  activity  periods  of  the  Korean  and 
Vietnam  War  contrast  sharply  with  the  neglible  activity  during 
the  intervening  years  of  nonconflict.  Throughout  these  transi- 
tion periods  the  Army  recognized  the  advantage  of  ground  sur- 
veillance radar  and  continued  to  develop  HIFR  systems  for 
maneuver  force  use  within  fiscal  restraints.  Development  con- 
centrated primarily  on  HIFR  technology  because  this  approach 

offered  the  most  feasible  method  of  translating  state-of-the 

5 

art  concepts  into  useable  hardware  with  military  potential . 
Drawing  upon  the  burgeoning  electronic  advances  in  the  civilian 
sector,  military  developers  improved  equipment  design,  opera- 
tional characteristics,  and  reduced  the  size  of  prototype 
equipments  into  more  manageable  packages  adaptable  to  tactical 
maneuver  use.  Changes  in  U.S.  military  strategy  during  the 
early  1960's  dictated  a more  balanced  alignment  between 

6 

nuclear  deterrent  and  credible  ground  deterrent  forces.  This 
situation  pumped  new  interest  into  radar  development  and  from 
it  evolved  the  current  first  line  family  of  standard  U.S.  Army 


11 


ground  surveillance  radar  systems.  At  present,  this  family 

consists  of  the  AN/PPS-5A,  AN/PPS-9,  and  AN/TPS -58  (RATAC) 
n 

radar  systems.  The  short  range  AN/PPS-9  is  soon  to  be  re- 
placed with  the  AN/PPS-15  which  exhibits  essentially  the  same 

Q 

operational  and  ranging  capabilities  as  the  AN/PP3-9. 

LOW  FREQUENCY  RADAR  DEVELOPMENT 

As  the  level  of  combat  intensity  increased  in  Vietnam, 

the  main  challenge  at  every  echelon  of  command  became  "Find 
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the  enemy."  The  enemy's  extensive  use  of  surprise,  cover, 

and  concealment  to  attack  friendly  forces  by  fire,  ambush,  and 

raid  or  defend  by  evasion  highlighted  the  urgent  need  for 

better  surveillance  equipment . The  systems  in  use  were  not 

doing  the  job.  "Very  early  in  the  Vietnam  War,  U.S.  forces 

realized  that  finding  the  elusive  enemy  would  tax  intelligence 

resources  to  the  limit . The  need  for  timely,  accurate, 

adequate,  and  useable  information,  especially  at  the  maneuver 

level,  became  critical  if  commanders  were  to  be  able  to  bring 

their  superior  firepower  and  mobile  manpower  resources  to  bear 

12 

on  the  fleeting  enemy. 

Xn  response  to  this  need  DOD  research  and  development 
agencies  in  conjunction  with  the  civilian  scientific  community 
began  to  develop  a wide  range  of  surveillance  devices  to 
extend  and  improve  the  ground  commander's  reconnaissance , 
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surveillance,  and  target  acquisition  capability  in  the 
stringently  limiting  Vietnamese  environment . A plethoi’a  of 
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variably  effective  prototype  equipments  were  funnelled  through 

the  Military  Assistance  Command  Vietnam  (MACV ) Joint  Research 

13 

and  Test  Agency  for  combat  evaluation. 

lb 

DOD  programs,  such  as  ENSURE  and  PROVOST,  also 
exploited  new  technologies  which  promised  quantitative  improve- 
ments in  the  commander's  ground  surveillance  capability.  Low 
frequency  or  foliage  penetration  radar  (LOFR)  was  one  of  the 
first  and  most  promising  of  these  because  it  demonstrated  a 
capability  of  detecting  targets  of  military  significance 
immersed  in  foliage.  In  May  of  1968,  the  U.S.  Army  Elec- 
tronics Command  published  the  technical  guidelines  and  radar 
design  characteristics  for  a man-portable  foliage  penetration 
radar  system. One  year  later  the  first  prototype  system 
was  being  operationally  evaluated  in  combat.  Initially 
deployed  systems  demonstrated  a capability  to  reliably  detect 
a single  man  walking  target  through  600  plus  feet  of  dense 
rain  forest.  However,  these  sets  also  exhibited  serious 

deficiencies  in  the  areas  of  range,  false  alarm  rate,  angular 

17 

resolution,  and  maintenance . As  this  and  other  similar 

devices  were  deployed,  researchers  continued  to  improve  upon 

the  LOFR's  operational  characteristics.  They  devised  new 

applications  and  incorporated  the  latest  state-of-the-art 

2.8 

electronic  advances  into  the  subsequent  systems.  The  end 
of  the  war  brought  a concomitant  halt  to  this  accelerated 
development.  At  present  there  are  no  standard  low  frequency 
ground  sutrveillance  radar  systems  in  the  Army  inventory. 
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PART  TWO  - SYSTEMS  DESCRIPTION 
HIFR  TARGETING  SEQUENCE 

The  HIPR  is  tactically  emplaced  on  the  best  available 

vantage  point  providing  unobatru  tea  line  of  sight  (LOS)  into 

19 

the  area  of  interest.  Undei  i*rect  operator  control  or  in 

a preset  sector  scan  mode,  the  radar  set  incrementally  sweeps 

20 

the  selected  area  with  a thin  beam  of  radiated  energy.  In 
effect,  the  radar  electronicall  / ...ape  the  area  within  this 
narrow  beamwidth  out  to  its  design  range  within  LOS  constraints 
(Figure  2-l).  The  reflected  returns  of  the  transmitted 
pulses  from  foliage  and  terrain,  commonly  called  ground  clutter, 
are  presented  to  the  operator  as  bright  areas  on  the  visual 
output  (i.e.,  a scope)  and  as  a low  constant  rumbling  sound 
on  the  aural  output  (i.e.,  a speaker  or  headset).  When  this 
beam  passes  over  a moving  object  of  sufficient  cross-sectional 
area  and  radial  velocity  witii  respect  to  the  radar,  the  set 
automatically  translates  this  difference  in  the  mapped  environ- 
ment into  a target  indication.  This  is  represented  on  the 
scope  as  a bright  spot  or  "blip"  outside  the  shaded  clutter 
areas  and  on  the  headset  as  a distinctive  change  in  the 
doppler  audio  tone.  Discerning  this  change,  the  operator 
manipulates  the  set  to  place  the  beam  directly  on  the  target. 
This  is  accomplished  when  he  maximizes  the  visual  and  aural 


target  return  indications. 


TO  SCAI.E 


Figure  2-1.  HIFR  Surveillance  Schematic 
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By  maintaining  tills  maximized  signal  return  in  either 

the  manual  or  automatic  mode,  he  tracks  the  target  as  it 

traverses  over  the  terrain.  During  the  above  sequence  the 

operator  is  constantly  evaluating  the  visual  and  aural  displays 

to  determine  the  type  of  target  detected.  Based  on  his  best 

judgment  and  past  experience , he  makes  a determination  of" 

target  type  and  its  relative  size.  If  this  track  is  broken 

for  any  reason,  the  operator  must  manually  reinitiate  search 

of  the  area,  reestablish  contact  with  the  target,  and  repeat 

21 

the  target  processing  sequence.  Target  data  reporting 

procedures  and  alterations  in  the  tar-get  search  mode  are 

dictated  by  the  tactical  situation  and  the  unit's  standard 

22 

operating  procedures. 

HIFR  DESIGN  CHARACTERISTICS 


Each  HIFR  system  is  LOS  dependent  requiring  unobstruc- 
ted view  of  the  target  to  detect  it.  Any  intervening  terrain 

or  foliage  feature  which  blocks  LOS  to  the  target  will  mask 

23 

*:he  target  from  the  radar. 

The  inherent  design  of  HIFR  systems  provides  an 

operator  with  the  opportunity  of  detecting  and  processing 

only  one  target  at  a time. 

HIFR  systems  can  best  be  characterized  as  operator 

controlled  radars.  The  operator  is  the  key  to  effective 

2k 

set  operation.  The  set  requires  constant  manual  attention 
and  judgmental  skills  on  the  operator's  part  to  successfully 
complete  a targeting  processing  sequence.  The  operatoi  must 
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devote  hie  full  attention  to  the  system.  Ho  must  periodically 
make  electronic  adjustments  to  reduce  interference  and  realign 
the  antenna  to  insure  maximum  LOS  observation.  Because  of  the 
short  amount  of  time  a target  is  illuminated  by  the  thin  radar 
beam,  the  operator  must  have  quit  - reflexes  to  establish  con- 
tact with  a possible  target  "blip, " maintain  continuous  con- 
tact once  detected,  and  reestablish  contact  with  a lost  target. 
Efforts  to  free  the  operator  from  some  of  this  burden,  such 

as  the  installation  of  an  automatic  target  alarm  on  the 

2 5 

AN/PPS-5A  radar,  have  not  proved  satisfactory. 

HIFR  electronic  design,  circuitry,  and  components 

generally  reflect  the  technology  of  the  early  1960's.  Because 

their  original  design  contains  a balance  in  internal  circuitry 

these  sets  are  not  amenable  to  the  addition  of  components 

which  disrupt  this  delicate  internal  balance  or  operate  in  a 
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different  mode  than  that  originally  designed  into  the  set. 

LOFR  TARGETING  SEQUENCE 

The  LOPP  system  is  tactically  emplaced  in  the  same 
manner  as  the  HIFR  except  that  the  prime  positioning  considera- 
tion is  ground  clutter  instead  of  a combination  of  ground  and 
2 6 

foliage  clutter.  The  operator  manually  selects  the  areas 

he  wishes  to  search  on  the  display  using  one  available  range 

27 

gate  for  each  area  of  interest.  He  checks  tiie  internal 
electronic  working  condition  of  the  set  with  the  built-in 
test  equipment  (BITE)  and  activates  the  radar.  The  set 
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automatically  scans  a 60  degree  wide,  20  meter  deep  band  of 
terrain  for  each  gate  deployed  at  the  ranges  previously 
selected  by  the  operator  with  a beam  of  near  continuous 
radiated  energy  (Figure  2-2).  The  set  can  electronically 
cover  the  areas  within  these  rang*-  gates  at  better  than  1,000 
times  a second.  Stationary  ground  and  foliage  clutter  signal 
returns  are  electronically  cancelled  by  the  set.  When  a tar- 
get penetrates  into  one  of  the  deployed  electronic  range  gates, 
the  set  senses  this  change  in  the  mapped  environment  and 
produces  an  automatic  visual  and  aural  alarm  of  the  target's 
presence.  The  automatic  alarm  consists  of  an  audible  buzzer 
tone  and  a series  of  lights  indicating  target  direction  with 
respect  to  the  radar.  These  alarms,  tied  to  a specific  range 
gate , remain  021  until  deactivated  by  the  operator.  Each  range 
gate  also  has  individual  audio  and  visual  presentations  which 
permit  the  operator  to  process  the  target.  The  audio  output, 
a translation  of  the  target  signal  return  down  to  human  hear- 
ing range,  is  similar  to  that  found  in  HIFR  systems.  The 
visual  output  is  a scope  and/or  meter  which  measures  relative 
target  signal  return  strength  from  the  deployed  range  gate. 

As  the  target  progresses  into  the  range  gate  (Figure  2-3, 
position  "A" ) the  audio  output  changes  in  tone  and  pitch  while 
the  meter  readings  increase  in  magnitude.  When  a target 
reaches  the  middle  of  the  range  gate  (Position  "B" ) the  meter 
reading  peaks  and  the  target  is  physically  located  at  the 
range  indicated  on  the  display  panel.  The  operator  then 
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activates  the  azimuthal  function  of  the  set  and  determines 
the  relative  bearing  to  the  target.  Tne  reverse  occurs  as  the 
target  travels  out  of  the  gate  (Position  "C").  From  the  dis- 
tinctive audio  doppler  tone,  the  return  signal  magnitude , and 
the  speed  with  which  the  target  traveled  through  the  gate, 
the  operator  estimates  the  target  type  and  its  relative  size. 

The  operator  may  then  track  the  target,  manipulating  either 
range  gate  in  the  direction  of  target  travel  to  insure  elec- 
tronic contact.  He  also  has  the  option  of  tracking  with  a 
free  range  gate , leaving  the  gate  which  originally  detected 
the  target  free  to  search  for  other  targets . Jf  target  track 
is  lost  for  any  reason,  the  operator  backs  the  range  gate  off 
a representative  distance  in  the  appropriate  direction  from 
the  last  contact  position  and  waits  for  the  target  to  reappear. 
The  target  information  reporting  procedures  described  in  the 
HIFR  target  processing  sequence  are  the  same  for  this  scenario . 

LOFR  DESIGN  CHARACTERISTICS 

LOFR  systems  are  capable  of  detecting  multiple  targets 
simultaneously.  The  number  that  can  be  detected  simultaneously 
is  a function  of  the  number  of  independent  range  gates  designed 
into  the  system.  Under  present  circumstances  only  one  target 
can  be  effectively  processed  at  a time  because  of  space 
limitations  of  a single  operator  at  the  set.  The  most  sophisti- 
cated set  fielded  had  the  capability  of  detecting  up  to  96 

28 

targets  independently  and  processing  three  simultaneously . 


In  this  paper,  a LOFR  sot  with  two  independent  range  nates 
will  be  used  in  the  subsequent  discussion. 

Although  LOFR*  s are  capable  of  detecting  targets 

immersed  in  foliage  they  are  not  capable  of  detecting  those 

same  targets  located  behind  a gr«.  _nd  terrain  mask.  It  is  also 

noted  that  any  foliage  the  radar  must  penetrate  reduces  its 

29 

maximum  effective  range.  For  example,  if  a LOFR  is  capable 
of  detecting  a target  out  to  a range  of  2 kilometers  in  a 
moderately  foliated  area,  it  can  only  detect  that  same  target 
at  1,500  meters  in  a comparable  densely  foliated  area. 

Effective  LOFR  operation  is  a function  of  the  target, 
foliage,  and  antenna  heights  as  well  as  the  classic  free  air 
radar  equation  limitations.  u The  only  variable  designers 
can  influence  to  improve  set  operation  is  the  antenna  height. 
Therefore,  LOFR 1 s have  characteristically  high  antenna  masts 
of  30  to  50  feet.  Also  LOFR's  should  bo  employed  in  front  of 
or  at  least  30  meters  away  from  neavy  foliage  to  eliminate 
a large  immediate  foliage  clutter  return.  1 If  suitable 
positions  arc  available,  such  as  a high  promontory  with  steeply 
falling  away  terrain,  the  LOFR  can  be  positioned  in  the  same 
manner  as  an  Ahr/PPS-5. 

Although  LOFR  systems  place  a small  burden  on  the 
operator,  the  operator  remains  the  key  to  effective  set 
O]  'ration.  The  operator  does  not  have  to  devote  his  full 
attention  to  thi  0i  . LOFR  * s incorporate  advance  1 
circuitry  such  as  balanced  doppler  signal  processing  to 
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Table  2-1.  Comparison  of  .Radar  Characteristics . 
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that  of  the  Camp  Sentinel  Radar  XII  or  the  Army  Land  Warfare 
Laboratory  (ALWL)  Multipurpose  Foliage  Penetration  Radar 
(M-FOPEN),  both  of  which  wore  combat  evaluated  in  RVN  and 
field  tested  in  CONUS  and  Hawaii  respectively . For  a descrip- 
tion of  the  M-FOPEN  System,  see  Louis  V.  Surgent , Jr., 
Evaluation  of  the  Mult.l  - us  osa  "'o ' 'c  Penetration  Radar 
(M-FOPEN ) in  Hawaii  (Aberdeen  Pi  o sing  Ground:  ALWL,  197 

6,  A-l  to  A- 3. 
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CHAPTER  III 

COMPARATIVE  ANALYSIS  AND  EVALUATION 

This  chapter  addresses  L zh  radar  systems  from  two 
different  points  of  view.  Part  One  defines  the  rating 
procedures  and  conditions  of  comparison.  Part  Two  considers 
the  operational  characteristics  of  each  system  from  a strictly 
technological  or  machine  point  of  view.  It  investigates  the 
optimized  machine  capability  of  each  system  under  stated 
evaluative  conditions  to  perform  the  combat  surveillance  and 
target  acquisition  mission.  In  this  part , it  is  assumed  that 
both  devices  are  operating  at  their  design  level  of  efficiency 
and  that  operators  are  fully  qualified. ^ Part  Three  deals 
with  the  man-machine  equation,  or  more  properly,  how  does  he 
operator  interact  with  the  machine  and  the  external  environ- 
ment of  the  search  area  to  effectively  acconq^lish  the  sur- 
veillance mission.  It  investigates  operator  use  of  a set  and 
its  outputs  to  achieve  target  acquisition  and  identification. 
It  also  surveys  the  related  aspects  of  training,  maintenance , 
and  human  factors.  Part  Pour  summarizes  the  results  of  Parts 
Two  and  Three . 

PART  ONE  - COMPARISON  METHODOLOGY 
RATING  PROCEDURE 

The  rating  scheme  considers  individual  parameters 
of  evaluation  for  each  aspect  addressed  in  Parts  Two  and 


Three.  Each  aspect  considered  will  receive  an  adjectival  and 
numerical  rating. 

The  adjectival  rating  is  derived  from  a comparative 
analysis  of  each  system  to  fulfill  an  established  measure  of 
effectiveness  ( MOE ) or  performs  t criterion.  Prom  this 
analysis,  a determination  is  made  specifying  which  system 
exhibits  the  superior  capability  to  perform  the  stated  func- 
tion and  a rating  awarded.  Ratings  are  as  follows: 

3X  - one  system  is  superior  to  the  other  in  all 
aspects  of  consideration. 

2X  - one  system  is  superior  to  the  other  in  most 
aspects  of  consideration. 

X - one  system  is  marginally  but  demons tratably 
superior  to  the  other. 

EVEN  - both  systems  perform  equally  well. 

Adjectival  ratings  are  translated  into  numerical 
ratings  in  the  following  manner.  Each  parameter  in  Parts  Two 
and  Three  is  allotted  a maximum  number  of  possible  points 
according  to  the  author's  perception  of  its  relative  overall 
importance . The  derived  adjectival  rating  acts  as  a divisor 
to  obtain  a numericax  rating.  Por  example,  a three  X rating 
receives  the  full  possiole  point  value  while  a two  X rating 
is  awarded  two-thirds  of  the  ossibl<  olntss*  ho  poin  . 
awarded  for  "EVEN"  ratings. 

Operational  parameters  receive  the  vast  majority 
(75  percent)  of  points  allocated.  Also  within  each  cam  cry. 
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parameters  are  prioritized  by  point  allocation  to  reflect  their 
perceived  relative  importance.  The  rating  matrix  showing  para- 
meters considered  and  the  total  number  of  possible  points 
allocated  to  each  is  presented  in  Table  3-1* 

CONDITIONS  OP  v N4P  ARISON 

It  is  intended  that  each  system  be  compared  under 
exactly  the  same  conditions  as  much  as  possible . Therefore 
the  following  stipulations  are  made  for  Part  Two.  Both  sys- 
tems are  colocated  and  positioned  such  that  the  antennas  of 
each  are  deployed  at  approximately  tne  same  height.  Possible 
mutual  interference  is  disregarded.  This  is  predicated  to 
achieve  a commonality  of  clutter  ana  target  presentation. 

Under  these  circumstances  both  systems  simultaneously  search 
the  came  area,  looking  at  essentially  the  same  presentation 
of  ground,  foliage,  and  man-made  clutter.  It  insures  that 
each  target  investigated  presents  the  same  cross-sectional 
area,  radial  velocity,  and  duration  of  movement  to  each  sys- 
tem simultaneously. 


i\EEV And AT-l  ON 


The  author  acknowledges  the  limitations  of  this  study 
and  realizes  the  reader  may  disagree  with  specific  parts  of 
the  evaluation.  In  this  instance,  me  reader  is  cncoura 
to  establish  his  own  performance  criterion  and  point  alloca- 
tion, reevaluate  the  disputed  aspect  (sj  in  terms  of  ills  own 
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values,  and  derive  his  own  rating-  for  the  issues  in  question. 

AUTHOR’S  CREDENTIALS 

The  author's  experience  in  this  field  was  gained 
while  serving  as  Operations  Officer-Radar  at  Project  Modern 
Army  Special  Systems  Test , Evaluation,  and  Review  (MASSTER), 
Fort  Kood,  Texas  from  March  1 970  to  October  1973*  Principal 
duties  included  the  detailed  planning , execution,  and  reporting 
on  nine  tests  of  both  systems  conducted  by  MASSTER  to  determine 
their  military  potential  to  the  U.S.  Army.  The  author  also 
served  as  the  Department  of  the  Army  Test  Representative  at 
six  radar  tests  conducted  by  other  U.S.  Army  or  U.S.  Air  Force 
test  agencies. 

PART  TWO  - OPERATIONAL  CAPABILITIES 
GENERAL 

The  capability  of  a ground  surveillance  radar  system 
to  detect  targets  of  military  interest  is  dependent  upon  three 
variants:  the  machine,  the  man,  and  the  environmental  condi- 

tion of  the  search  area.  This  last  variable  is  rarely  in  an 
idealized  state  that  maximizes  man  and  machine  performance. 
Therefore,  as  a prelude  to  the  operational  analysis,  the  base- 
line detection  capabilities  of  each  system  as  well  as  the 


effects  of  terrain 


'oliage,  ana  weather  are  defined. 
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DETECTION 

Detection  is  the  essential  starting  point  of  any 

target  acquisition  process.  Without  detection  the  operator 

is  unaware  of  the  enemy's  presence  and  the  subsequent  threat 

it  poses.  U.S.  Army  test  agenc.  - have  conducted  numerous 

structured  field  evaluations  of  both  high  and  low  frequency 

systems  specifically  designed  to  determine  their  detection 

capability.  These  evaluations  were  conducted  under  actual 

combat  conditions  or  in  a test  environment  where  doctrinally 

sound  stylized  offensive  and  defensive  tactical  scenarios  were 

used.  The  ground  and  foliage  conditions  were  specifically 

chosen  to  represent  postulated  low  and  mid-intensity  threat 

areas  in  which  the  Army  could  reasonably  be  expected  to  fight. 

HIFR  systems  demonstrated  a low  overall  capability 

2 

to  detect  targets  during  these  evaluations.  They  did  not  give 
the  commander  the  surveillance  capability  he  desired  or  ex- 
pected and  thus  ranked  low  on  his  list  of  preferred  collection 
assets.^  HIFR  systems  were  founa  to  be  for  the  most  part  cued 

to  a target's  presence  by  another  surveillance  device  with  a 

h 

significantly  shorter  detection  range.  Under  normal  circum- 
stances one  would  reasonably  assume  that  the  radar  with  its 
longer  ranging  capability  woulc  act  as  the  cueing  device. 

This  deficiency  was  attributed  to  the  radar  team's  inability 

5 

to  cover  its  assigned  search  area.  The  real  problem  however 
lies  with  the  set  itself  and  its  limitations  of  narrow  beam- 
width,  slow  scan  rate,  and  LOS  requirement  for  detection. 


LO;J  liirti tations  are  undressed  in  "FOLIAGE"  below. 

Narrow  beamwidth  is  essentially  a problem  of  design 
geometry.  Given  a nominal  beamwidth  of  one  to  two  degrees, 
the  HIFR  can  only  effectively  cover  three  to  six  percent  of 
a standard  60  degree  search  sector  at  any  one  time  (Figure  3-l). 
This  in  conjunction  with  the  slow,  mechanical  scan  rate 
results  in  the  beam  being  pointed  in  another  direction  for  a 
large  majority  of  the  time  a target  is  positioned  in  an  area 
where  it  is  subject  to  detection.^  Ideally  the  radar  beam 
would  be  positioned  in  such  a manner  that  it  would  detect  the 
target  as  soon  as  it  is  exposed.  This  rarely  occurs,  however, 
because  the  vast  majority  of  posula ted  threat  areas  contain 
at  least  some  form  of  intervening  clutter  limiting  LOS 
(Figure  3-2).  Therefore  a more  typical  HIFR  search  pattern 
is  one  where  the  target  is  not  detected  until  it  has  traveled 
some  distance  away  from  a mask.  The  HIFR  system  is  also  apt 
to  false  alarm  or  miss  a target  when  its  beam  crosses  the 

boundry  between  two  distinct  clutter  environments  such  as 

7 

from  an  open  to  foliated  area.  A more  detailed  discussion 
of  false  alarms  is  presented  in  Fart  Three. 

LOFR  systems  on  the  other  hand  have  demonstrated  a 
90  plus  percent  target  detection  rate  in  structured  field 
evaluations  conducted  in  all  varieties  of  foliage.1  When 
tested  in  conjunction  with  other  STAJVO  devices  possessing  a 


greater  ranging  capability,  it  was  the  initial  detector  of 
targets  three  out  of  four  times  and  acted  as  a cueing  device 
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for  the  other  systems.  The  LOFR  sets  invariably  reported  the 
correct  direction  of  target  motion.10  In  the  case  of  two 
targets  simultaneously  traveling  through  the  same  area,  but 
separated  by  a considerable  distance,  LOFR  operators  demon- 
strated the  ability  to  detect,  " ioate,  and  track  both  with 
little  difficulty  in  a short  period  of  time.11 

The  reason  for  this  high  detection  rate  is  the  com- 
bination of  electronic  advancements  which  permit  the  set  to 

12  T 

"see"  more  of  tne  target  area.  LOFR  electronic  circuitry 
adjusts  more  quickly  and  with  greater  accuracy  to  the  external 
environment . The  balanced  doppler  signal  processing  method 
coupled  with  the  foliage  penetration  ca.  ability  permit  the 
set  to  find  and  discriminate  between  tne  target  and  the 
foliated  environment  even  when  that  target  is  immersed  in 
foliage.  Finally , the  almost  continuous  surveillance  of  areas 
within  the  deployed  range  gates  provides  a much  higher  data 
rate  on  a prospective  target  than  the  slower  mechanical  scan/ 
data  rate  of  the  HIFR  system.  Targets  aro  usually  detected 
very  soon  after  they  enter  the  gate  often  providing  the 
operator  sufficient  time  to  process  it  during  the  initial 
detection  sequence/^  LOFR  sensitivity  is  also  enhanced 
oecause  the  continuous  search  of  an  area  without  antenna  move- 
ment eliminates  the  inherent  scan  modulation  of  clutter  re- 
turn associated  with  radar  ancennas  which  physically  move  in 
, 14 

tneir  searcn  moae. 
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TERRAIN 

Neither  system  is  capable  of  penetrating  a solid  ground 
15 

mask  to  detect  targets.  Therefore,  each  must  be  suitably 
positioned  to  minimize  ground  .r.askin  and  maximize  the  amount 
of  usable  search  area. 

FOLIAGE 

The  HIFR  system  treats  foliage  in  much  the  same  manner 
as  ground  terrain.  Static  foliage  formations  such  as  a ciu mp 
of  trees  produce  the  same  visual  and  aural  outputs  as  ground 
clutter'.  There  are  two  other  factors  which  must  be  considered 
v/nen  discussing  HIFR  interaction  with  foliage. 

The  first  is  foliage  movement.  Foliage  is  rarely  at 
rest  but  is  usually  driven  in  some  degree  by  the  prevailing 
breeze  or  wind.  Wind  induced  foliage  movement  within  the 
search  beam  degrades  set  sensitivity  ana  subsequently  its 
ability  to  detect  targets. As  this  movement  increases,  the 
set’s  sensitivity  decreases  to  a point  where  the  set  is  no 
longer  capable  of  distinguishing  oetween  a target  and  the 
foliage.  In  moderately  foliated  areas,  consisting  of  large 
bushes  and  trees  liberally  interspersed  throughout  an  open 
area,  this  point  of  nondetection  is  reached  at  windspeeds  of 

10  to  15  knots  at  the  juxtaposition  of  target  and  moving 

i . 17 

foliage . 

The  second  factor  is  the  detection  of  targets 
positioned  in  close  proximity  io  the  foliage  clutter 
(Figure  3-3).  These  targets  are  often  lost  or  not  detected 
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because  the  reflected  signal  strength  from  the  relatively  small 
moving  target  within  the  radar's  range  gate  is  obscured  by  the 
relatively  large  foliage  clutter  return.  This  situation 
happens  frequently  because  tactical  movement  doctrine  dictates 
maximum  use  of  terrain  and  foliage  concealment  to  mask  move- 

1 s 

ment.  ^ Under  these  circumstances , the  operator  may  be  able 
to  see  the  target  with  his  unaided  eyes,  but  not  detect  it  on 
his  radar  set.^^ 

Briefly  summarized,  achieved  H1FR  detection  ranges 

approximate  the  visual  LOS  to  the  target  as  limited  by  the 

. ^ . .20 
intervening  ground  anc  foliage  masxs. 

LOFR  systems  are  capable  of  penetrating  the  full  range 

of  foliage  presentations  within  the  electronic  design  and 

21 

power  limitations  of  the  system.  In  detecting  targets 

immersed  in  foliage,  the  LOTR  beam  does  not  directly  penetrate 

22 

through  the  foliage  mask.  It  uses  the  area  on  top  of  the 

foliage,  the  air  and  the  leaves  on  top  of  the  trees,  as  a 

dialectic  boundary.  The  transmitted  wave  is  propagated  over 

and  along  the  tree  tops,  is  scattered  down  into  the  foliage 

and  subsequently  reflected  back  ^o  the  raaar  receiver.  LOFR's 

experience  no  detection  problems  in  the  crossover  areas  and 

have  demonstrated  a capability  to  successfully  find  targets 

23 

immersed  in  moving  foliage  driven  by  25  knot  winds.  ' Under 
; he so  wind  condi ‘ o ns,  ‘he  ranging  accuracy  remained  good, 
he  . < aid  ng  accuracy  was  severely  degra  e . Above  25 
knots  the  folia  c movement  changes  from  a symmetrical  to  a 


i<  n-sy al  mo  . A ......  . oint , the  LOFR  is 

unable  to  detect  targets  because  the  balanced  processing 
function  of  trie  radar  is  unable  to  cope  with  fast  changing 
external  environment . 


WEATHEn 


In  addition  to  the  above  constraint , wind  per  se  has 

an  adverse  effect  on  both  systems.  Wind  induced  radar  antenna 

oscillation  introduces  unwanted  noise  and  mirror  returns  into 
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the  radar  receiver,  degrading  set  efficiency.  This  effect 

is  more  pronounced  at  much  lower  speeds  in  the  HIFR  system. 

LOFR  systems  demonstrated  a surprising  capability  to  operate 

in  winds  of  10  to  15  knots  with  neg libie  effect  on  its 

acquisition  potential . Under  those  conditions,  HIFR 

capabilities  were  significantly  aegradea  to  the  point  where 

26 

they  are  ineti active.  As  the  wine  speeds  increase,  degrada- 

tion is  induced  in  LOFR  systems  because  of  the  translational/ 
oscillational  motion  of  its  antenna  and  the  increased  foliage 
movement.  During  this  period  range  no terminations  remain 


accura 


te  (-5  meters)  but  the  asi.ruthal  resolution  degrade: 


proportionally  as  the  wind  increases.  Above  25  to  30  knots, 

28 

LOFR  systems  are  generally  ineffective.*'" 

Precipitation  such  as  heavy  rain  and  snow  also 

desensitise  each  system  and  event  lally  render  them  ineffec- 
29 

tive.  however,  the  LOFR  system  demonstrated  a better 


operational  capability  over  its  iUFK  counterpart  at  lower 
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re  dpi  tat  ion  lev  ...  , ie  tec  tin/  ...  . . . when  . . H'lFR  sys  tern 

could  not.'0 


OPEN  TERRAIN 


Evaluative  Condition 

In  this  parameter , the  topography  of  the  evaluation 
sites  vary  from  barren,  level  terrain  found  in  the  open  desert 
or  tundra  to  open,  rolling  terrain  interspersed  with  cultivated 
fields  or  low  foliage  formations  found  extensively  throughout 
the  temper ate  and  sub- tropic  zones. 

hear  are  of  EP  lo  c ti  vc-ros.' 

The  capacity  of  a system  to  detect  and  locate  targets 
of  military  interest  traversing  over  relatively  open,  flat 
terrain. 

Discussion 

Doth  systems  are  equally  capable  of  detecting  targets 
out  to  their  design  range  in  flat,  open  terrain  without 
difficulty . 

The  HIFR  system  demonstrates  a slight  advantage  over 
its  LOFR  counterpart  on  roiling  terrain.  This  advantage 
accrues  from  the  basic  difference  in  high  and  low  frequency 
wave  propagation  (Figure  j-^).  Simplistically  considered, 
the  high  frequency  wave  as  propagated  in  straight  lines 
whereas  the  low  frequency  wave  bends  with  a concave  propaga- 
tion characteristic  toward  the  ground.'’*  In  examining  the 


kb 

at 'jet  scenario  presented  in  Figure  3-5,  neither  set  is 
capable  of  detecting  a target  at  position  1 behind  the  grounu 
mask.  The  HIFR  would  detect  the  target  First  as  it  reached 
a: id  passea  position  2.  At  position  3 both  sets  are  capable 
of  do  tec  ting  the  target  without  c i 'faculty.  This  difference 
in  range  of  detection  (ROD)  may  vary  up  to  100  meters  depend- 
ing upon  the  undulation  of  the  terrain.'"" 

In  the  open,  rolling  terrain  with  cultivated  areas, 
the  LO FR  demonstrates  a marked  advantage  over  the  HIFR  sys- 
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tom.'  The  height  of  the  intermittent  foliage  formations  or 

cultivated  areas  may  obscure  enough  of  the  target's  cross- 

sectional  area  (positions  4 ana  5)  to  preclude  detection  by 

the  HIFR.  This  would  be  especially  true  in  the  summer  months 

when  foliage  is  high  and  full.  In  this  circumstance  the  raoar 

operator  may  be  able  to  see  the  target  with  his  unaided  eyes 

34 

but  not  detect  it  on  nis  set.  rfmd  driven  movement  of  these 
• rain  fields  or  bushes  would  further  degrade  tiie  KIFR' s 
capability  to  detect  the  target.  The  LOFR  would  ex]  eriem < 
no  difficulty  in  detecting  targets  at  positions  4 and  5 unless 
the  wind  was  very  severe. 


In  lat,  bare  ground  environment , the  shorter 

ranee  LOFR  is  much  more  susceptible  to  enemy  observation 

i ..  o < rustically  high  antenna  mast. 

Antenna  heights  of  30  to  50  feet  are  now  required  to  increase 
, F2 1*  i . md  pro  Ld<  . . sy<  em  w tl  adequat*  • nad 

coverage  on  the  g ■ m • (Pi  ur<  - ■). 


a tactiCul  problem 


This  presents 


o using  units  in  tha 


their 


CULTIVA'i  KL> 
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l -os  i t j orw  aro  easily  compromised  and  nub j uc  t to  tho  neutraliz- 
ing effects  of  enemy  faros,  jajnming,  or  avoidance.  This 
situation  is  gene rally  applicable  only  to  open  areas  where  LOS 
is  not  a limiting  factor.  In  foliated  or  built-up  areas  this 
vulnerability  decreases  signify  v^Iy  because  the  antenna  and 
mast  are  much  more  easily  concealed  or  obscured  from  enemy 
ground  observation. 

Both  systems  are  vulnerable  to  detection  by  enemy 
electronic  direction  finding  (DFj  devices  because  of  the  high 
power  level  and  distinctive,  discrete  manner  in  which  they 
transmit.  This  is  a common  deficiency  of  all  active  emitter 
radars  and  applies  equally  in  any  terrain  environment.  It 
must  be  noted  however  that  the  HIFR  is  more  vulnerable  to 
detection  because  it  is  currently  the  sole  user  of  its 
frequency  band.  LOFR ' s operate  at  frequencies  close  to  those 

used  by  the  Soviet  and  United  States  field  forces  for  tactical 
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communications . 
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The  LOthi  system  exhibits  a marginal  acquisition 
■superior! ty  over  its  rilBR  counterpart  to  find  partially 
obscured  targets.  It  is  felt,  however , that  this  is  counter- 
balanced by  its  tactical  suscep tibility  to  enemy  observation 

ossible iza  i or  avo  ce.  ruth  systems  are 

equally  vulnerable  to  electronic  detection  provided  the  enemy 
properly  identifies  she  operate n, , frequency  and  electronic 
characteristics  of  each  syo  t .... 


i 
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In  this  parameter  both  systems  are  judged  to  perform 
equally  well.  Therefore  an  even  rating  is  awarded  with  no 
points  given  to  either  system. 

FOLIATED  TERRAIN 

Evaluative  Condition 

The  topography  of  this  evaluation  site  is  depicted 
in  Figure  3-6.  The  ground  rises  slightly  from  the  radar  set 
to  the  saddle  in  the  east  such  there  is  intervisibility  be- 
tween the  set  and  the  road  through  the  saddle  over  the  inter- 
vening trees.  The  time  is  early  summer  and  the  foliage  is 
at  its  median  growth  point.  All  hills  depicted  are  covered 
with  small  trees  and  brush.  Each  set  is  positioned  to  permit 
maximum  coverage  of  the  assigned  area.  The  topography, 
foliage,  and  intervisibility  (1500  to  1800  meters)  are  re- 
presentative of  the  terrain  found  extensively  throughout 
Western  Europe,  especially  rural  West  Germany . 

Measure  of  Effectiveness 

The  capacity  of  a system  to  detect  and  locate  targets 
of  military  interest  traversing  over  foliated  terrain. 

Discussion 

Each  system's  capability  to  detect  and  locate  targets 
of  military  interest  in  this  foliated  environment  varies  a 


great  deal. 


Figure  3-6.  Target  Scenario  for  Foliated  Terrain 


53 


The  HIFR  system  is  capable  o f easily  detecting  targets 
located  at  positions  1,  6,  and  9 because  of  unobstructed  LOS 
to  these  locations.  Conversely,  the  HIFR  is  not  capable  of 
detecting  any  targets  at  positions  4,  5,  7,  and  8 because  of 
the  absence  of  LOS.  Positions  4 ar.i  7 are  immersed  in  foliage 
and  position  8 is  situated  behind  a ground  mask.  Although 
position  5 is  located  in  an  open  area,  the  radar's  LOS  is 
blocked  by  the  intervening  stand  of  trees.  HIFR  effectiveness 
against  targets  located  at  positions  2 and  3 is  questionable. 
The  height  and  density  of  the  mask  obscures  a portion  of  the 
target’s  cross-sectional  area,  making  detection  of  this  now 
smaller  target  more  difficult.  This  situation  can  be  further 
aggravated  by  wind  induced  foliage  movement.  Under  average 
conditions  it  is  estimated  that  a HIFR  system  would  detect 
50  percent  of  these  targets. 

The  LOFR  system  is  capable  of  detecting  and  locating 
all  targets  without  difficulty  except  those  at  positions  8 
behind  the  ground  mask.  It  is  noted  that  the  HIFR  has  the 
first  opportunity  of  detecting  a target  approaching  position  6 
because  of  the  LOFR’s  ground  wave  propagation  characteristics. 

Figure  3-7  presents  a composite  diagram  of  each  sys- 
tem’s capability  to  detect  and  locate  targets  in  this  scenario. 
It  graphically  demonstrates  that  use  of  a LOFR  permits  the 
commander  to  "see"  a much  larger  portion  and  more  critical 
terrain  features  of  the  battlefield  at  any  one  point  in  time. 
Needless  to  say,  operation  in  a densely  foliated  Jungle  an  ■ 


Figure  3-7.  Composite  Capability  Diagram  for  Foliated  Terrain 
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would  further  limit  each  system's  capability  with  a greater 
adverse  impact  experienced  by  the  LOS  dependent  HIFR. 

Summary 

As  shown  in  Figure  3-7,  the  L OFF  system  exhibits  an 
overwhelming  superiority  over  it.  nIFR  counterpart  in  foliated 
terrain.  The  capability  of  the  LOFR  system  to  detect  targets 
located  in  or  near  the  foliage  fringe  gives  the  commander  a 
preemptive  opportunity  to  engage  an  enemy  before  the  enemy  can 
employ  his  direct  fire  weapons  systems.  This  is  a significant 
tactical  advantage. 

For  this  parameter,  the  LOFR  system  is  awarded  a 3-X 
rating  valued  at  35  points. 

3UILT-UP  AREAS 


General 

According  to  Soviet  doctrine,  "Military  operations  in 
built-up  areas  [MOBAJ  are  an  integral  part  of  combat  opera- 
tions and  present  special  opportunities  and  challenges  to 
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commanders  at  all  levels."  Until  recently,  the  US  military 
establishment  has  paid  lip  service  to  developing  the  doctrine 


and  tactics  to  conduct  MOBA. 
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Renewed  interest  in  this 


topic  has  been  generated  by  increased  Warsaw  Pact  emphasis 
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on  and  training  in  MOBA. 


Based  on  their  hard  earned  experi- 


ence in  World  War  II,  the  Soviets  have  long  recognised  the 
importance  of  MOBA  and  are  allocating  increasing  amounts  of 
training  resources  and  time  to  perfect  MOBA  tactics  and 


bo 

doctrine.  The  Soviet  point  of  view  was  published  in  1971 

by  Major  General  A.  K.  Skovkolovick  of  the  Soviet  Army,  writing 

in  Comb,'  Operations  of  the  Mechanized  Rifle  Battalion  in  the 

City.  MOBA  requires  an  offensive  spirit  and  a force  with  the 

requisite  boldness,  fortitude,  r^d  resourcefulness  to  be 

bi 

victorious  in  the  cities.  At  present  there  is  no  DA 
proponent  agency  solely  tasked  with  updating  our  combat-in- 
cities (CIC)  doctrine  although  several  ongoing  studies  are 
being  conducted,  including  a joint  effort  by  TRADOC  with  the 


Federal  Republic  of  Germany. 


b2 


Existing  U.S.  doctrine 


essentially  says  "stay  out  of  town;  it  is  a very  nasty  place 
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to  fight."  We  can  reasonably  expect  in  Europe,  especially 

in  West  Germany , the  most  urbanized  area  in  the  world,  that 

the  Soviet  Union  will  use  built-up  areas  (BUA)  if  they  attack. 

This  assumption  is  based  upon  the  Soviet  "hugging"  technique 

to  minimize  the  effects  of  NATO  nuclear  strikes,  the  size  and 

frontages  of  their  combat  formations,  and  their  postulated 
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use  of  the  main  road  networks  through  cities  and  towns. 

Again,  knowledge  of  the  enemy's  strength  and  dispositions 
becomes  a matter  of  prime  importance  to  the  commander.  At 
present  our  surveillance  capability  in  BUA  is  largely  limited 
to  troop  reconnaissance , a hit  and  miss  tactic  which  can  be- 
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come  costly  in  men  and  material.  LOFR  technology  offers 
the  commander  another  option  and  a new  method  of  finding  the 
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enemy  in  urbanized  areas. 
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■Evaluative  Condition 

The  evaluative  test  site  depicted  in  Figure  3-8 
represents  a low  level  of  urbanization.  This  is  considered 
the  least  restrictive  case  as  there  are  numerous  open  spaces 
interspersed  throughout  the  suburban  complex.  The  area  con- 
sists ox  s tone  or  wood  houses  of  two  stories  or  less,  inter- 
secting streets,  and  high  voltage  or  feeder  power  lines  criss- 
crossing throughout. 


Measure  of  Effectiveness 

The  capability  of  a system  to  detect  and  locate  tar- 
gets of  military  interest  in  a built-up  area. 

Discussion 


A HIFR  located  at  any  place  other  than  position  2 

would  contribute  nothing  to  the  commander's  surveillance 

effort  because  of  LOS  constraints.  Even  at  position  2,  its 

value  is  neglible  because  the  search  area  is  restricted  to  the 

street  out  to  its  LOS  capability.  Its  vulnerability  to  enemy 

detection  and  neutralization  in  this  position  is  very  high 

because  of  the  relatively  short  ranges  involved.  For  these 
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reasons,  HIFR  plays  a neglible  role  if  any  in  MODA. 

LOFR  technology  on  the  other  hand  has  demonstrated 

a capability  to  detect,  locate,  and  track  targets  in  an  un- 
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controlled  BUA.  To  make  these  detections  the  LOFR  penetra- 
ted a number  of  natural  and  man-made  obstacles  such  as  trees 
and  houses.  It  also  operated  directly  under  power  feeder 
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lines  and  clo:'i'  to  high  voltage  transmission  lines  with  negli- 

Mo  degradation.  Using  a map  of  the  area,  operators  were  able 

to  distinguish  between  test  targets  and  other  uncontrolled, 

.purious  targets  in  the  area.  They  were  also  able  to  discern 
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activity  within  specific  houses.  This  represents  a quantum 
jump  of  some  magnitude  in  improving  the  commander's  surveill- 
ance capability  in  BUA,  a capability  which  to  now  has  been 
limited  to  physical  reconnaissance  of  an  area,  in  effect  a 
house-to-house,  visual  inspection.  Research  has  found  no  other 
test  of  this  application.  Therefore,  without  any  additional 
test  or  theoretical  data  available,  no  valid  extrapolation 
of  the  LOFR's  capability  under  more  restrictive  conditions 
can  be  made. 

Summary 

LOFR  technology  represents  a quantum  jump  in  the  com- 
mander's ability  to  "see  the  battlefield"  in  BUA.  It  permits 
previously  impossible  surveillance  of  enemy  held  or  unoccupied 
neutral  territory  without  endangering  lives.  While  the  sys- 
tem cannot  discriminate  between  friend  and  foe,  it  does 
dentify  areas  of  activity  and  therefore  potential  threats, 
t permits  the  commander  to  better  exploit  his  limited  man- 
wer  resources  and  to  exercise  flexible  economy  of  force 
tactics  in  these  areas. 

For  this  parameter,  the  LOFR  system  is  awarded  a JX 
rating  valued  at  20  points. 
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RADIO  FREQUENCY  INTERFERENCE 
Eva  3 native  Conuilion 

Both  sets  are  colocated  in  a forward  area  with  each 
equally  subject  to  interference  from  the  largo  number  of 
active  emitters  normally  foune  a she  heightened  electro- 
magnetic environment  of  combat . This  condition  discounts 
mutual  interference  between  sets  and  does  not  include 

electronic  countermeasures  such  as  jamming,  which  are  spec_L fi- 
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cally  designed  to  degrade  or  negate  radar  effectiveness.  ' 
Measure  o Eff'oc  ti venose 

The  capability  of  a system  to  operate  at  its  design 
potential  in  the  heightened  electromagnetic  environment  of 
combat  without  suffering  operational  degradation  caused  by 
radio  frequency  interference  (RFl) . 

. i seussloj  i 

With  the  exce  >tis>n  o C the  AN/PPS-p,  HIFR  systems  shew 

a marked  vulnerability  to  induced  RFI  from  other  active 

n ters.  Standard  u.s.  tactical  PM  radios  operating  within 

meters  of  an  AN/PPS-5A  radar  set  will  disrupt  its  receiver 

sufficiently  to  prevent  any  target  detection  by  the  at  unless 
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I he  radio  is  properly  s.  Lded.  T u A /]  1 . - A 

vulnerable  to  interference  from  distant  (5-10  kilome  err)  h. 

5 3 

powe : ■ • m tere  • 1 th< 

tactical  comrnunica : ions  . roMom  fox  they  must  uisr  l.  ee  lu  i- 
primary  means  o communication  away  from  their  o.  ra:  in,  . tt  . 


Th -i  ••  ■ problem  is  further*  compounded  if  no  / -emoting  capability 
is  available  and  tar. ’at  information  must  be  relayed  by  voice 
o a i\.id.io- telephone  operator. 

Conv'  r-sely  LOFU  sys toms  exhibit  a low  vulnerabil  . ty 
to  RPI.  Their  advanced  internal  circuitry  is  better  able  co 
respona  to,  filter  out,  and  caxxcoj.  spurious  external  signals 
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than  the  HI PR  systems.  Standard  Fii  and  multichannel  radios 
operating  at  full  power  next  to  the  LOFR  antenna  have  no 
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noticeable  effect  on  the  radar  . ' ' The  constant  keying  of 
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there  FM  radios  did  not  disrupt  or  affect  radar  operation.' 

. the  1 lAent  Lnterferenci  doi  s occur,  the  operator  is  able 

to  d:i;  cern,  measure,  an  d<  a gross  bearing  to  an 

o eriftin  RPI  ...  by  usin  his  visual  outputs.  Known 

: . he  can  take  appi  a epj  rork  through  tJ  ter- 
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. *ence  oj  reald  ,n  his  ...  ma  to  ri  iu  it . 

bOFR  radar  testin'  in  built-up  or  residential  areas 
nas  also  shown  that  the  system  can  operate  in  close  proximity 
to  .1  1'h  tension  and  foode.  power  lines  with  neglible  side 


. .1.1,....  / 

The  LOFR  system  demonst rates  an  overwhelming  superior- 
(/  o\  r its  ffIPi  cou  iter  act  to  operate  effectively  in  a RPI 


b oiivj  r 


....  thi  LOJ  'R  s award  e 1 a 


iJ  ... 
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OPERATIONAL  CAPABILITIES  SUMMARY 

In  this  category,  the  LOFR  .is  Pound  to  equal  or 
outperform  its  HIFR  counterpart  in  all  parameters  of  com- 
parison. This  machine  superiority  is  uircctly  attributable 
to  four  distinct  factors:  advanced  internal  design,  a high 

scan  rate,  the  capability  to  master  its  environment,  and 
finally  the  unique  capability  to  penetrate  foliage.  The 
potential  demonstrated  by  fielded  implementations  of  LOFR 
technology  offer  the  commander  a significant  increase  in  his 
ability  to  "see  the  battlefield"  in  any  environment.  A 
summary  of  tne  above  results  is  presented  in  Table  3-2. 


Table  3-2.  Results  of  the  Operational  Capabilities  Comparisor. 
and  Evaluation. 


RATINGS 

AWARDE1 


T 


POINTS 

AWAid'Ei 


POSSIBLE 

POINTS 


| i ’Aii  AM  i TER 


HIFR  I nOFR  I Lj.FR  LOT: 


Acquisition  Capability 


l n : 


| Open  Terrain 

Foliated  Terrain 
Built-Up  Areas 

i Radio  Frequency 
In  ter fez  once 

TOTAL 


15 

35 

20 


PANT  Thn'EE  - SYSTEM  CHARACTERISTICS 
GENERAL 

Whereas  the  last  section  dealt  only  with  the  machine , 
this  section  investigates  the  interaction  of  man  and  machine. 
It  looks  at  how  well  an  operator  is  able  to  use  fielded  im- 
plementations of  each  radar  technology  to  accomplish  the 
surveillance  mission.  Five  operator  dependent  parameters  are 
examined.  They  are  false  alarm  rate,  target  identification, 
human  factors,  training,  and  maintenance.  False  alarms  are 
addressed  here  rather  than  in  the  operational  section  because 
if;  is  the  operator  who  determines  whether  a set's  target  in- 
dication is  true  or  false.  This  concept  leads  to  a more 
general  conclusion  about  ground  surveillance  radar  operations; 
the  man,  not  the  machine,  is  the  key  to  success.  He  is  the 
final  determinant  in  any  situation,  with  the  machine  acting 
only  as  an  aid  or  moans  to  assist  him  in  achieving  that  end. 

FALSE  ALARM  RATE 
.Measure  of  if  f fee  ti  v<  'res  o 

The  demonstrated  ability  of  an  operator  to  discriminate 

I 

I • tween  a false  target  and  a true  target  oi  st. 

f ) i scussion 


False  ala 

rms 

are  usually  gene rat 

ed  in  a 

round 

• 1 - 

VO 

i 11a  n 

ce  radar  s 

o L 

by  two  basic  causes; 

funrJam<  • 

n • al 

£J©  t 

fio: 

and  the  ox 

ter 

nal  environment . In 

the  fir:; 

t ins 

tan  co 

t \ 


i.  . ..  i in.  <>i  ii  when  the  ace,  attorn  . . o due  noi.it 

(or  false  alarm  probability},  can  no  c suitaol}  adjust  quick 

enough  to  cope  with  the  external  environment . f In  the  second 

i.nsLai'co,  false  alarms  may  al.  o bo  generated  internally  within 

Lite  set  itself  or  operationally  c the  radar  beam  crosses 

the  boundry  between  two  distinct  clutter  environments , i.e., 
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foliated  to  open  terrain.  The  solution  to  this  noise  and 
flutter  problem  i s a procedure  for  "selecting  sets  of  filter 
coefficients  by  classifying;  the  autocorrelation  function  of 
iiiie  received  clutter  so  as  to  realize  a prescribed  Lor  pro- 
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oh  c table  J false  alarm  probability."  There  tore,  in  .any 
irti cular  system,  it  is  necessary  to  have  a me  hod  . aut< 
mati cally  setting  t ho  detection  tnreshold  such  that  trie  falsi. 
ularm  probability  of  the  radar  is  maintained  at  or  below  a 
cc : tain  value  while  maximizing  the  radar's  capability  to 

63 

detect  turrets. 


HIFRs  experience  a relatively  high  false  alarm  rate 

6b 

o [ , ••  larily  to  1 ho  re  asons  stated  above.  The  radar  set  rs 
;ri'  l hod  of  suppressing  noise  while  concurrently  dealing  with 
th'  static  and  moving  foliage  of  the  environment  is  loss  than 
ecj.rei  . in  I his  instance  the  false  target  ; ition 
■nerated  is  a valio  sensing  on  the  part  of  the  radar  ir.  tha 
! t reacted  properly  in  reporting  the  movement  of  an  object 
1 mi  isite  rise  and  velocity.  However,  since  fol  t < 
a taa  e o . . : 1 ' a , t rest,  . articular  . 
classified  is  1 fah  ala  . Phij  . lisci  certii 


0 r> 


ii  • a i ' i 1 1 1 c.iii  * moving  foliage  p o • < J < < ni.iu  i ou;  • I /vmi:  . i < -n  ' 

I nine  in.  j cal  I ons,  .ill  of  which  yiolii  no . i Ing  u >or  invest!;  .a- 
I i on . 

Field  evaluations,  of  LOFR< s show  them  to  expe  rience 

a very  low  false  alarm  rate.  ^ This  is  again  due  primarily 

to  its  advanced  design  which  automatically  reduces  internal 

receiver  noise,  optimizes  set  sensitivity,  and  surpressos  the 

moving  foliage  clutter  by  moans  of  a balanced  doppler  signal 

processing  m ■thud.  ‘ LOFR  operators  are  able  to  quickly 

identify  false  target  indications  from  their  aural  and  visual 

readouts  which  provide  a much  more  refined  presentation  of 

, 67 

the  target  indication  than  that  found  in  HXFRs.  They  are 

also  able  to  readily  distinguish  between  spurious  tar ; ets  and 

68 

targets  of  military  interest  presented  in  the  test  scenario. 
IlIFR  operators  were  nor.  able  to  do  tills. 


Summary 

Th<  LOFR  systems  exhibit  a mark e<  advantage  over  the 
iTFR  systems  in  both  a lower  .ure  alarm  rate  and  their 
capability  to  provide  tne  operator  with  the  means  to  dis- 
tinguish  between  spurious  and  real  targets  of  military 
interest . Althou  bo  1 . e ....  it  o fair  ilanns,  LOFi 
sueci  lability  to  them  is  considerably  less  because  of  i . 

" ; i , tn  ante  • I . . n a 1 ca  i better  deal 

w ' tn  tiie  external  environment. 

For  this  parameter  tne  LOFR  system  is  awarded  a 3-X 


1 points* 
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TARGET  IDENTIFICATION 
Measure  of  Effectiveness 

The  ability  of  an  operator  using  the  outputs  of  his 
set  to  correctly  determine  the  type  arid  relative  size  of  the 
detected  target.  This  MOE  presu,  osed  that  the  target  detected 
is  valid  and  one  of  military  interest. 

Discussion 

This  parameter  examines  the  efficacy  of  a system’s 

outputs  and  the  relative  difficulty  an  operator  experiences  in 

interpreting  tnem  properly.  Therefore,  the  better’  the  readout, 

the  more  easily  and  accurately  an  operator  will  be  able  to 

estimate  target  typo  and  size. 

Operator  determined  target  descriptions  derived  from 

HIFR  visual  and  aural  outputs  have  proven  to  be  unsatisfactory.' 

Commanders  place  little  reliance  on  radar  operators  to  provide 

70 

them  with  an  accurate  target  description.  Technical  improve- 
ments and  revised  training  procedures  have  somewhat  alleviated 
this  deficiency  but  not  to  an  acceptable  level.  For  example, 
AiV/PPS-  A and  9 operators  correctly  identify  only  one  out  of 
eve,  y four  targets  presented. ^ Data  shows  that  "operators 
were  unable  to  identify  target  type  correctly  at  better  than 
chance  level  . . . Lor  to j distinguish  personnel  from  vehicular 
targets  reliably.  Clearly  the  inability  of  operators  to 

identify  targets  correctly  in  an  ope rat  onal  environment  is  a 

72 

.<  rious  limitation." 
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On  the  other  hand,  the  refined  visual  and  aural 

jirosontations  of  LOFR’s  are  sufficiently  distinctive  in  their 

nature  and  intensity  to  enable  operators  to  identify  targets 

73 

with  a high  degree  of  accuracy.  Operators  are  able  to 

distinguish  between  personnel  a : vehicular  targets  as  well 

as  accurately  estimate  their  relative  size  over  90  percent 

7 k 

of  the  time.  The  output  presentations  also  permitted 

operators  to  distinguish  between  targets  of  military  interest 

75 

and  spurious  targets  such  as  livestock  and  birds. 

A practical  example  points  up  the  essential  differences 
in  each  system.  Assume  that  the  range  gate  of  each  system  is 
positioned  on  exactly  the  same  piece  of  terrain.  As  the  f . r; 
man  of  a five  man  reconnaissance  team  enters  the  gat e,  each 
set  will  yield  a visual  and  aural  indication  of  target 
presence.  Both  operators  would  discern  a distinctive,'  chan,  e 
in  the  doppler  audio  tone  with  the  HIFR  operator  receiving 
a "blip"  on  his  scope  and  the  LOFR  operator  an  increase  in 
his  meter.  Ac  more  elements  of  the  tejsau  entered  the  gate, 
the  HIFIi  operator  would  discern  an  slight  intensification 
of  the  "blip"  and  difference  in  the  audio  tone  until  a 
maximum  was  achieved  when  three  members  of  the  team  were  in 
the  gate.  Throe  members  are  considered  the  Maximum  number 
event  in  the  gate  at  any  one  time  because  it  is  assumed 
he  team  would  travel  over  the  terrain  with  a 5 to  10  mot<  r 
i | caj  si  i stanci  between  men . As  th<  hird  ea 

ej  began  to  leavi  the  at  , thi  Lntem  t]  o 1 target 

Li  a - ■ woi  1 lecrease  until  the  Iasi  man  exited.  The 
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I.OFd  o ■>  r.iLoj  w.>  id  Y presented  with  quite  a (different  visual 
i <■  ( ui  altiiouf  .1  the  audio  presentation  would  be  approximately 
h.  same  as  the  HIFR  system.  As  the  first  man  reached  the 
center  of  the  pate,  the  meter  would  peak  and  then  drop  off 
slightly,  rising  again  to  a higher  neak  as  the  second  man 
appr-oached  and  reached  the  center  of  the  gate.  This  sequence 
would  continue  as  each  member  of  the  team  passed  through  the 
gate  and  exited  from  it.  A graphic  representation  of  this 
targeting  sequence  highlighting  the  differences  is  presented 
in  Figure  3-9*  Xn  this  sequence,  the  LOFR  operator  is  able 
to  investigate  each  target  individually,  in  effect  count 
each  one,  while  the  HIFR  operator  is  only  presented  a gross 
representation  of  the  entire  sequence.  This  aspect  of  opera- 
tion is  responsible  for  the  LOFR  operator  attaining  a much 
higher  target  identification  rate. 

Nummary 

The  LOFR  system  provides  the  operator  with  more  dis- 
criminate changes  in  target  presentation  thereby  permitting  him 
to  identify  targets  with  much  more  reliability.  This 
difference  in  identification  reliability,  90  percent  versus 
percent  for  HIFR  operators,  represents  a significant 
improvement  in  this  area.  It  further  demonstrates  the 
■ efficiency  of  the  LOFR  system's  outputs  to  achieve  a better 
.un-machine  inter  fac  • . 

For  th  s . man  tor,  tse  LOFh  system  is  awarded  a 3X 
rating  valued  at  6 poin  s. 
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HUMAN  FACTORS 
Measure:  oj"  Effect.!  voness 

The  ease  with  which  the  man-machine  team  accomplishes 
the  ground  surveillance  mission.  This  parameter  addresses 
operator  fatigue  associated  with  sustained  radar  operation, 
operator  acceptability  of  the  radar,  and  operator  confidence 
in  a set's  performance. 

Discussion 

HIFR  systems  to  include  those  with  automatic  alarms 
require  constant  operator  attention.  The  fatigue  resulting 
from  tills  is  a significant  deficiency  common  to  all  HIFR  sys- 
tems. Normally  one  man  can  effectively  operate  a set  for  an 
average  of  30  to  45  minutes.  The  maximum  time  of  effective 
set  operation  is  60  to  75  minutes,  dependent  upon  the  in- 
dividual operator  and  the  level  of  activity.  Once  these 
limits  are  reached,  operators  begin  to  experience  debilitat- 

77 

ing  eye  and  oar  strain,  headaches,  and  backaches.  Operate- 

fatigue  , -eaua  during  low  activity  periods  due  to  the  boredom 

caused  by  the  constant,  monotonous  feedbacks  of  the  visual 

and  aural  outputs.  Along  with  this  fatigue  comes  a loss  of 

interest  in  sec  operation, ' " The  resultant  diminution  of 

operator  efficiency  caused  by  fatigue  and  loss  of  interest 

leads  to  a growing  lack  o-  confidence  in  the  set  and  the 

79 

operator  himself. 
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LOi'R  systems,  on  the  other  hand,  have  been  well  received 
by  operator  personnel . During  periods  of  high  activity, 
operators  can  effectively  function  for  two  hours  and  more 
without  oxDorirnc  ' ng'-any  adverse  pnysical  effects.  This  period 
is  extended  even  nore  during  per  ip  ; j of  low  activity.  The 
reason  for  this  is  the  set  automatically  performs  the 
surveillance  function.  The  operator  is  free  to  perform  other 

So 

tacks  until  the  set  alerts  him  to  a target's  presence.  This 
facet  of  operation  significantly  reduces  fatigue  and  expands 
the  length  of  time  a single  user  can  effectively  operate  the 
raiar.oi  The  combination  of  less  fatiguing  operation  and 
reduced  boredom  serves  to  reinforce  operator  confidence  and 
maintain  his  interest  in  set  operations.1'"  Soldiers  exjoressed 

O o 

confidence  in  the  systems  to  perform  effectively  in  combat."'' 
Summary 

The  human  factors  aspect  of  radar  operation  is 
maximized  in  the  man-machine  equation  when  using  a DO PR  sys- 
tem. This  is  due  primarily  to  the  LOFR’ s heavy  reliance  on 
I he  machine  to  perform  the  tedious  mechanics  of  surveillance 
whereas  HIFR  systems  depend  heavily  on  the  operator  for  this 
function.  The  result  is  that  the  LOFR  is  significantly 
easier  to  operate  and  generates  much  less  operator  fatigue, 
j t subsequently  earns  better  operator  acceptability  and 
confidence  in  its  performance  than  its  HIFR  counterpart. 
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For  this  parameter , the  LOFR  system  is  awarded  a 3-X 
ati ng  valuc?d  at  3 points. 


TRAINING 


Measure  ol'  Effnctlvenuc; 

The  ease  with  whicn  a soldier  is  trained  to  be  a 
qualified  operator  of  a particular  system.  This  MOB  addresses 
the  requisite  skills  of  a candidate  operator  as  well  as  the 
formalized  training  and  practical  experience  required  to 
produce  an  effective  operator. 


Discussion 

In  this  parameter  ihe  key  discriminator  is  simplicity: 
simplicity  of  operation;  simplicity  in  the  methodology  of 
finding  a target;  and  simplicity  in  the  means  of  maintaining 
peak  performance . 

With  the  exception  of  the  AN/PPS-9 , formalized  school 
training  complimented  with  extensive  field  experience  are 
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required  to  produce  a proficient  HIFR  operator.  This  back- 
ground is  essential  to  develop  the  skills  required  to  under- 
stand the  set's  operational  characteristics,  perform  the 
numerous  manipula  ive  adjustments,  and  provide  a strong  data 
base  of  experience  and  knowledge  upon  which  the  operator  will 
craw  when  making  routine  operational  decisions  and  judgments. 
This  dictates  the  selection  of  above  average  soldiers  with  the 
requi:  nr.ntul  nn<  motor  skills  to  bo  IilFR  operators  and 


sui  r-cqu  -ntly  limits  the  manpower  pool  from  which  candidate 

o M OS:  • . bi  irawn. 
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The  simplicity  of  LOFR  operation  allows  the  selection 
ol  a lower  sk'll  level  soldier  to  be  an  operator  and  requi  -os 
less  time  to  train  him  to  operate  a set  effec ti vely . Personnel 

with  some  radar  uackground  were  easily  and  adequately  trainee  to 
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operate  the  most  complex  LOFR  systems  in  less  than  two  weeks."'' 

Because  of  the  LOFR's  relatively  simple  operational  procedure.,, 

more  people  with  lower  skill  levels  can  be  trained  to  operate 

this  type  of  system.  The  U.S.  Army  has  fielded  a highly 

•el.iable,  short  range,  foliage  penetration  radar  detector 

which  required  less  than  one  hour  of  training  to  transform  an 
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n vo  -ago  infantryman  into  a qualified  operator.  Additionally, 

personnel  wno  operated  the  most  complex  implementation  of  thi 

technology  stated  that  there  appears  to  be  no  requirement  fox 

special  skills  in  order  to  become  proficient  in  that  particu- 
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lar  radar's  operation.  The  commonality  of  current  LOFR 
technology  permits  developers  to  incorporate  into  any  new 
systems  all  those  advantages  of  previously  fielded  implementa- 
tions . 

Summary 

The  LOFR  system  exhibits  a marked  superiority  over 
.its  HIFR  counterpart.  its  translation  of  state-of-the-art 
technology  into  a relatively  s Implo  acquisition  device  riemon- 
ct  at.es  a capability  to  lower  a potential  radai-  operator's 
skill,  aptitude,  and  the  rime  required  to  train  him  as  aj 
effective  user  of  the  equ:  .ont. 

k , i 


For  this  parameter  the  LOFR  system  is  awarded  a 3X 
i'ating  valued  at  3 points. 

MAINTENANCE 

Measure  of  Effectiveness 

The  ease  with  which  a system  can  he  repaired.  In 
addition  to  mean  time  to  repair  (MTTR)  considerations , this 
MOE  also  addresses  repairman  skill  levels  and  the  time  and 
effort  he  must  expend  isolating  radar  faults. 

Discussion 

This  is  a difficult  parameter  to  evaluate  because  o 

tie  sketchy  data  available  on  LOFR  systems.  Although  a 

strict  comparison  c nnot  be  legitimately  made,  the  limited 

da  a available  permits  us  several  valid  extrapolations  to 

form  a basis  of  comparison.  One  may  reasonably  conclude  th 

the  AN/PPS-jjA  and  AN/TPS-58  Will  continue  as  the  Army's 

standard  medium  and  long  range  ground  surveillance  radars 

into  the  foreseeable  future.  This  is  predicated  on  the  fa 

that  there  is  no  conco  ted  on-going  E&D  program  : n re  Arm  ■ 
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to  replace  them. 

HIFR's  tend  to  be  unreliable  despite  the  fact  all 

have  enjoyed  a relatively  noinal  development;  cycle  and  have 
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been  in  the  inventory  for  several  years.  Current  user 

availanil : y averages  approximately  60  percent,  far  below  t 

93 

A desiri  goal  < >0  rcen  . Too  often  those  radars 

requ  re  direct  support  level  calibration  or  repair  after 
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tacta  Lly  transported  o]  handl<  oughly  in  ...  Ld. ' 

This  usually  moans  the  set  must  be  evacuated  to  a repair 

ill  ty,  result  ing  in  the  lor.-  of  thar  ai  s<  t for  sizei  1 1< 
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i o Is  of  i Line . Anothe  • factor  which  has  2 i yet  be<  j 

a'  uquatcly  assessed  is  the  adv;  age  of  the  AJJ/PPS-5A  sys- 

tem, the  maneuver  commander 1 s main  source  of  radar  intelli- 
. once  data.  A large  number  of  these  sets,  converted  from  the 
AAT/PPS-5  to  the  AN/PPS-  A configuration , are  now  approaching 
or  arc  over  the  10  year  age  mark.  Tiie  natural  deterioration 
due  to  long  use,  environmental  decay,  ana  frequent  repair  is 
beginning  to  place  increasing  burden  on  an  already  saturated 
maintenance  and  repair  parts  supply  system.  Under  these 
circumstances,  the  situation  can  only  get  worse.  Another 
problem  is  that  few  repairs  can  be  accomplished  at  a tactical 
site.  Pepair  require;  a highly  skilled  repairman  (MOS:  < * ) , 

I 

the  requisite  tools,  test  equipment,  an  a suitable  "clean" 

Iana  in  which  the  faulty  set  can  be  opened,  troubleshooting 
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one,  and  repair  accomplished . 

Individual  test  results  of  LOFR 1 s systems  shows  ther; 

to  possess  a high  reliability  and  availability  ra^e  (over 

97 

> per<  nt ) a< >ove  normal  t«  is.  Leal 

transportation  and  rough  field  handling  during  testing  did 

, ..  , . 98 

lot  require  thi  si  . to  >1  r<  01  rep  iin 

•rator  maintenance  consists  mainly  in  keeping  the  set 

09 

. . : ervi.ceable.  All 

: rovi  i'  with  a BITE  capability  to  assist  operators 
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'r  i den t i f y i n ' faulty  set  operation  or  co/  oonents.  The  next 
le  vel  of  maim  onance  consists  of  using  an  electronic  test  set 
on  established  tost  points  built  into  the  radar  to  determine, 
in  detail,  the  faulty  component  of  the  set.  This  test  set  is 
simple  to  operate  and  closely  resembles  the  "tube  testers" 
on>  finds  in  local  drugstores.  Since  the  system  is  designed 
on  the  circuit  board  concept,  the  faulty  board  can  be  replaced 
on  the  spot  with  a serviceable  one  taken  from  the  repairman's 
spare  parts  load.  The  get  is  back  in  operation  in  a very 
: Por  t time  without  naving  to  be  disassembled,  evacuated  to  the 
re  w,  and  subsequently  returned  to  the  using  unit.  This  as- 
eot  alone  greatly  increases  a LOPR ' s availability  rate.  A 
similar  method  is  currently  used  to  repair  tactical  FM  radio, 
and  has  proven  highly  successful  in  reducing  downtime  anc 
improving  equipment  availability. 


. .ummar\ 


.'he  advantages  and  methods  of  the  LOFR  repair  a: 
i'ovnd  to  be  far  superior  to  tnose  associated  with  ilJFR  ; /s- 
temt  . Flu  qui<  k,  .• , on- 1 no- spot  repairabil  ity  of  th<  L< 
provides  for  maximum  utilization  by  the  using  unit.  The 
simplicity  and  ease  of  repair  facilitates  training  prospective 
i vpdirmen  and  allows  the  Army  to  use  a lower  skill  level 
t his  essentia  >n. 

For  this  parameter,  the  IX1  1 system  is  awarded  a 3X 


i vi  t irip  valued  it  > oointc. 
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SYSTEM  CHARACTERISTICS  SUMMARY 

In  this  category  the  LOP R system  outperforms  its 
H IFR  counterpart  in  every  parameter  of  comparison.  Its 
advanced  internal  design  provides  more  refined  outputs  to 
better  identify  targets.  Its  i.\  roved  method  of  dealing  with 
the  environment  significantly  reduces  false  alarms.  Its 
simplicity  of  operation  facilitates  operator  and  repairman 
training,  increases  the  amount  of  time  an  individual  can 
operate  the  set,  and  reduces  the  requisite  input  skill  levels 
of  both.  Since  it  can  be  repaired  rather  easily  on  the  spot, 
it  most  importantly  increases  system  availability  to  the 
maneuver  commander.  A summary  of  these  results  is  presented 
in  Table  3-3 • 


Table  3-3.  Results  of  the  System  Characteristics  Comparison 
and  Lvaluati on. 


RATINGS 

AWARDED 

POINTS 

AWARDED 

POSSIBLE 

POINTS 

- 

- - , - 

! l ARAME'j'ER 

HI  PR 

LOFR 

HIPR 

LOFR 

— 

r'a.lsr  Alarm  Rate 

— 

s 

-- 

XXX 

0 

Ta rg<  t Identification 

6 

"" 

XXX 

0 

6 

Human  Factor’.1 

5 

XXX 

0 

5 

_ . . 
Training 

3 

-- 

XXX 

0 

3 

Maintenance 

3 

XXX 

0 

3 

TOTAL 

25 

__ 

XXX 

0 

25 
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PART  POUJ?  - SUMMARY 


RECAPITULATION 


Table  3-4  presents  a recapitulation  of  results  derived 
from  tne  comparative  analyses  and  evaluations  in  Parts  Two 
and  Three.  In  both  categories  the  performance  of  devices 
using  L OPR  technology  was  patently  superior  in  kind  and  degree 
to  those  using  HIFR  technology  in  each  instance  of  comparison. 

Table  3-4 . Recapitulation  of  Results . 


RATINGS 

AWARDED 

POINTS 
AWARDED  | 

POSSIBLE 

POINTS 

PARAMETER 

HI 

LO 

HI 

LO 

Acquisition  Capability  in: 

■ 

Open  Terrain 

15 

EVEN 

EVEN 

0 

0 

Foliated  Terrain 

35 

-- 

XXX 

-- 

35 

Built-l/p  Areas 

20 

XXX 

-- 

20 

Radio  Frequency  inter- 
ference 

5 

XXX 

5 

False  Alarm  Rate 

8 

-- 

XXX 

-- 

8 

j Target  Identification 

6 

__ 

XXX 

-- 

6 

1 Human  Factors 

5 

-- 

XXX 

-- 

C 

> 

j Training 

3 

XXX 

-- 

3 

! Maintenance 
1 

3 

XXX 

-- 

3 

TOTAL 

100 



L ~~ 

XXX 

-- 
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'j 'EC HNOLOG Y TR AN SFi.RENC E 

A lo.  . c it  question  to  amt  is:  Would  lilFR  caj.abili  tier 

bo  significantly  improved  to  a point  approaching  those  of 


LO i'R  if  LOFR  advanced  electronic  innovations  were  incorporated 


into  HIFR  design?  The  answer  to  this  question  is  no.  Although 
tiie  HIFR  system  developed  would  be  greatly  improved,  it  would 
still  be  LOS  d ■penaent  and  not  capable  of  detecting  targets 
immersed  in  foliage. 

OTHER  SURVEILLANCE  DEVICES 


A cursory  inspection  of  the  other  ground  surveillance 

techniques  availaole  to  the  commander  show  that  none  offer 

the  unique  flexible  capability  of  detecting  targets  immersed 

in  foliage  to  any  appreciable  extent.  Both  image  intensifying 

night  vision  devices  (NVD's)  and  forwara  looking  infrared 

(FLIR)  sensors  arc  essentially  LOS  dependent  although  ELIR 

has  a nominal  foliage  penetration  capability  if  the  target  is 

"hot"  enough  to  produce  the  temperature  g radient  required  for 

detection  at  the  ranges  involved.  However,  FLIR  technology 

does  perhaps  offer  the  best  solution  to  open  terrain  dection. 

"lFLIRj  detection  techniques  . . . have  now  made  it  possible 

to  provide5  a thermal  imaging  device  which  can  give  an 

Loperatorj  ...  a directly  viewable  image  of  a scene  in 

complete  darkness . " It  can  do  this,  day  or  night,  in  a 

completely  passive  mode  without  advertising  its  presence. 

This  represents  the  ultimate  objective  of  all  surveillance' 

development,  the  capacity  co  reliably  detect  a ;'ottn(  ial  enei.r, 

102 

without  revealing  one's  own  position  in  the  process. 

Lastly,  unattended  ground  sensors  (UGS)  do  not  use  the  rad  r 
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* 


so 


but  some  other  medium  to  detect  targets . UGS  are  not  suited 

for  fluid  ground  surveillance  battlefield  employment  because 

of  the  time  required  for  installation,  the  need  to  place  them 

in  the  area  of  interest  ipften  enemy  held),  and  their  lack  of 

10k 

flexibility  one-  implanted.  The  efore,  of  all  the  devices 

polled,  only  the  LOFh  system  offers  the  commander  a viable, 
usable  capabil  ty  to  see  targets  masked  by  foliage  or  man- 
made obstacles  in  a fluid  combat  situation. 
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CHAPTER  IV 


1 


CONCLUSIONS  AND  RECOMMENDATIONS 
CONCLUSIONS 

Based  on  the  above  discussions  it  is  concluded  that: 

1.  The  LOFR  system  demonstrates  a marked  superiority 
in  kind  and  degree  over  its  HIFR  counterpart  to  acquire 
targets  of  military  interest  in  foliated  and  built-up  areas. 

In  open  areas  both  systems  perform  equally  well. 

2.  At  present  the  ranging  capabilities  of  HI FR  sys- 
tems are  superior  to  those  of  comparable  LOFR  systems. 

3.  In  open  areas,  the  high  mast  and  large  antenna 
of  the  LOFR  system  make  it  susceptible  to  enemy  observation 
and  subsequently  neutralization  or  avoidance. 

U.  The  LOFR  system  is  much  less  vulnerable  to  spurious 
radio  frequency  interference  than  its  HIFR  counterpart. 

5.  Advanced  electronic  design  permits  the  LOFR  sys- 
tem to  better  cope  with  and  adjust  to  degrading  external 
environmental  conditions,  thus  increasing  its  inherent 
acquisition  capability. 

6.  LOFR  systems  experience  substantially  fewer  false 
alarms  than  comparable  HIFR  systems. 

7.  Operators  using  LOFR  systems  are  able  to  correctly 
identify  targets  at  a rate  of  better  than  three  to  one 

over  their  HIFR  counterparts . 
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8.  LOIdi  systems  permit  oporatoru  to  diaccrn  false, 
apurious  targets  more  qu  j ckly  and  accurately  in  uncontrolled 


areas  than  HIFR  systems  do. 

9.  LOFR  systems  enhance  the  human  factors  aspects 
normally  associated  with  tedious  HIFR  operation  by  concomitantly 
reducing  operator  fatigue  and  increasing  his  productive  work 
span. 

10.  The  LOFR  system's  simplified  method  of  operation 
and  repair  reduces  overall  training  requirements  for  operators 
and  repairmen.  Xt  expands  the  Army's  potential  manpower  pool 
from  which  these  personnel  are  drawn.  Xt  also  facilitates  the 
integration  of  LOFR  systems  at  maneuver  levels  comparable  to 
or  lower  than  those  of  currently  fielded  HIFR  systems. 

11.  HIFR  systems  are  a standard  item  of  equipment  in 
the  Army  inventory  whereas  there  are  no  plans  pending  to 
introduce  a LOFR  system  into  the  Army  inventory. 

12.  The  foliage  penetration  LOFR  system  enables  the 
commander  to  bettor  observe  more  of  the  battlefield  than  its 
lino-of-sight  dependent  HIFR  counterpart. 

19.  The  LOFR  system  provides  the  commander  with  the 
preemptive  opportunity  to  detect  and  engage  hostile  targets 
in  foliated  or  built-up  areas  before  the  enemy  can  bring  its 
direct  fire  weapons  fires  to  bear  on  friendly  formations. 

1 4.  Of  the  two  systems  considered,  the  LOFR  system 


offers  the  best  practical  solution  to  optimizing  the  Army's 
ground  surveillance  radar  capability. 
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KBCOMMENDATIONS 

It  is  recommended  that: 

1.  The  U.S.  Army  reexamine  its  current  position  on 
ground  surveillance  radar  application  by  investigating  the  full 
potential  offered  by  low  frequenc>  radar  technology. 

2.  The  U.S.  Army  place  its  priority  effort  into 
developing  low  frequency  radar  systems  to  enhance  its  future 
battlefield  ground  surveillance  radar  capability. 
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